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$E$ $\epsilon(k)$ $\Phi(\omega, \theta)$













$S_{n\mathrm{t}()}k_{4}$ $=$ . $\int\int\int|T_{1}234|2\delta(k_{1}+k_{2}-k_{3}-k_{4})\delta(\omega_{1}+\omega_{2}-\omega_{3}-\omega_{4})$
$\cross$ $\{N_{l}N_{\mathit{2}}(N_{3}+N_{4})-N_{3}N_{4}(N_{1}+N_{2})\}dk_{12}dkdk_{3}$ . (4)
$N(k)=\epsilon(k)/\omega(k)$ $\mathrm{T}_{1234}$ $k_{1},$ $k_{2},$ $k_{3},$ $k_{4}$
$\delta$





























$\nabla^{\mathit{2}}\phi(_{X}, Z, t)=0$ , $-\infty<z\leq\eta(x, t)$ (7)






$\psi(x, t)(=\phi(x, \eta(x, t), t))$ (8), (9)




$W= \frac{\partial\phi}{\partial z}|_{z=\eta(t}x,)$ (13)
Zakharov(1968)
(7), (10), (11) Laplace
$H= \frac{1}{2}\int dx\int_{-\infty}^{\eta}(\nabla\emptyset)^{\mathit{2}}d_{Z}+\frac{1}{2}g\int\eta^{2}dx$ (14)
$\eta(x. ’ t)\text{ }.\psi(x, t.)\text{ ^{ } }.\text{ }1$ . $\cdot$
$\frac{\partial\eta(x,t)}{\partial t}=-\frac{\delta H}{\delta\psi(x,t)}$ , $\frac{\partial\psi(x,t)}{\partial t}=\frac{\delta H}{\delta\eta(x,t)}$ (15)
.
$\delta$ $\eta(x)$ $\psi(x)$
(7), (10) $,(11)$ $\supset$.





$\eta(x, t)$ $\psi(x, t)$ $\hat{\eta}(k, t)_{\text{ }}\hat{\psi}(k, t)$
$b(k, t)=\sqrt{\frac{\omega(k)}{2k}}\hat{\eta}(k, t)+i\sqrt{\frac{k}{2\omega(k)}}\hat{\psi}(k, t)$ , $\omega(k)=\sqrt{gk}$ , $k=|k|$ (16)
$b(k$ , $\text{ }b(k, t)$
(15)
$’ \dot{\iota}\frac{\partial b(kt))}{\partial t}=\frac{\delta H(b,b^{*})}{\delta b^{*}(k,t)}$ (17)
* (16) , $\eta(x)$ $\psi(x)$ $b(k)$
$\eta(x)=\frac{1}{2\pi}\int\sqrt{\frac{k}{2\omega}}\{b(k)+b^{*}(-k)\}\exp(ik\cdot X)dk$ , (18)
$\psi(x)=\frac{-i}{2\pi}\int\sqrt{\frac{\omega}{2k}}\{b(k)-b*(-k)\}\exp(ik\cdot x)dk$ (19)




$i \frac{\partial b(k,t)}{\partial t}=\omega(k)b(k, t)$ (21)
$b(k, t)$ $b(k, t)$
$b(k, t)$ $k_{0}$
$b(k, t)=b_{0}\delta(k-k\mathrm{o})\mathrm{e}^{-i\omega \mathrm{o}t}$ , $\omega_{0}=\omega(k\mathrm{o})$ , $b_{0}$ : (22)
$\eta(x, t)$ $\psi(x, t)$
$\eta(x, t)$ $=$ $a_{0}\cos(k0^{\cdot}x-\omega 0t)$ , $a_{0}= \frac{1}{\pi}\sqrt{\frac{k_{0}}{2\omega_{0}}}b_{0}$ , (23)
$\psi(x, t)$ $=$ $( \frac{\omega_{0}}{k_{0}})a_{0}\sin(k0^{\cdot}X-\omega 0t)$ (24)
$k$ b( $k$
3 $=$ $\eta(x)\text{ }\psi(x)$
2 $b(k)$ $\hat{\eta}(k)$ $\hat{\psi}(k)$
3b(k) $b(-k)$ $\hat{\eta}(k)$ $\hat{\psi}(k)$
$-k$ $k$
$b(k)$ $k$ $\hat{\eta}(k)$ $\hat{\psi}(k)$ $k$
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(18) (19) b(





$(0\leq x\leq L_{x}, 0\leq y\leq L_{y})$
$k=( \frac{2\pi k}{L_{x}},$ $\frac{2\pi l}{L_{y}})$ ,
$(.k, l:\ovalbox{\tt\small REJECT} \text{ _{})}$
(25)
$\eta(x)\text{ }\psi(x)$









$=kdkd \theta=.\frac{\omega(k)^{2}}{g}$ . $\frac{2\omega(k)\ }{g}d\theta=\frac{2\omega(k)^{3}}{g^{2}}d\omega d\theta$ (29)
$E$ $\Phi(\omega, \theta)$
$E= \int_{0}\mathit{2}\pi\int_{0}\infty\int\Phi(\omega, \theta)d\omega d\theta=\frac{g^{2}}{2\omega(k)^{3}}\Phi(\omega, \theta)dk\approx\sum_{k}\frac{g^{2}}{2\omega(k)^{3}}\Phi(\omega, \theta)\triangle s_{k}$ (30)
$\Delta S_{k}=\triangle k_{x}\cross\triangle k_{v}=(\frac{2\pi}{L_{x}})(\frac{2\pi}{L_{v}})$ (31)
$k$ 1 $=$ (28) (30) $b(k)$ \epsilon (
$\Phi(\omega, \theta)$
.
IL $|2$ 1 $-\gamma*\backslash \Lambda\cap$ $g^{2}$ $\mathrm{R}/$ $n\backslash \mathrm{A}$ ”
$|b_{k}|^{2}= \epsilon(k)\triangle s_{k^{=}}\overline{\omega(k}\perp)\frac{y}{2\omega(k)^{4}}\Phi(\omega, \theta)\triangle s_{k}$ (.32)
2 $(\omega, \theta)$




1. \epsilon ( $\Phi(\omega, \theta)$ JON-
SWAP Pierson-Moskowitz
2. (32) $b(k)$ $\mathrm{A}\mathrm{a}b(k)$ –
b(
3. (18), (19) $\eta(x),$ $\psi(x)$
4. $\text{ }\dot{\text{ }}\grave{\mathrm{y}}R\sigma\supset \text{ }$ $=$-/– $\eta(x),$ $\psi(x)$ $\frac{\partial\eta(x)}{\partial t},$ $\frac{\partial\psi(x)}{\partial t}$
5. (16) $\frac{\partial b(k)}{\partial t}$
6. (33)







$x$ $\eta(x)\text{ }\psi(x)$ $x$
$W$ Laplace





$\emptyset(_{X,Z}, t)=\sum_{m=1}\psi^{(m)}(_{X}, z, t)$ , (34)
$\phi^{(m)}\sim O(\epsilon^{m})\text{ }$
$\epsilon$
$M$ Zakharov M $=3$
$\phi^{(m)}$ $z=0$ Taylor
$\psi(x, t)=\sum^{M}\sum^{-m}\frac{\eta^{k}}{k!}\frac{\partial^{k}}{\partial z^{k}}m=1Mk=0\phi(m)(X, 0, t)$ (35)
167
$\epsilon$
$\phi^{(1)}(x, 0, t)$ $=$ $\psi(x, t)$ ,
$\phi^{(m)}(x, 0, t)$ $=$ $- \sum_{k=1}^{m-}\frac{\eta^{k}}{k!}\frac{\partial^{k}}{\partial z^{k}}\phi(m-k)(x, 0, t)1$ $(m=2,3, \cdots, M)$ (36)
Laplace $\nabla^{2}\phi^{(m)}(x, Z, t)=0$ $\phi^{(m)}$ – Dirichlet
$z=\eta(X, t)$




$\phi^{(m)}(x, z.’ t)$ $=$ $\sum_{-}.\sum$. $c_{k},(t) \mathrm{e}\exp(m_{l})\kappa k,\mathrm{t}^{z}(i\frac{2\pi k}{L_{x}}x)\exp(\mathrm{i}\frac{2\pi l}{L_{y}}y)$ , (37)
$\kappa_{k,l}$ $=$ (38)





&Yue (1987) West et al. (1987)
$W$ Dommermuth&
Yue $\phi^{(m)}(m=1,2, \cdots, M)$
$W(x, t)= \sum_{m=1}^{M}\sum_{k=0}^{-m}\frac{\eta^{k}}{k!}\frac{\partial^{k+1}}{\partial z^{k+1}}M\phi(m)(x, 0, t)$ (39)
$W$ – West et al. $W$ $\phi(x, z)$ $\epsilon$
$W(x, t)= \sum_{m=1}^{M}W^{(m)}$ , $W^{(m)}= \sum_{k=0}^{m}\frac{\eta^{k}}{k!}\frac{\partial^{k+1}}{\partial z^{k+1}}\psi^{(}m-k)(x, 0, t)$ (40)
$W$












Zakharov(1968) (Krasitskii,1994 ) (14) $H$
$O(b^{5})$
$H(b, b^{*})$ $=$ $\int\omega 0^{b}0^{b^{*}d}00k+\int V_{0,1,2}^{(1)}(b_{0}^{*}b_{1}b_{2}+b0b_{1}^{*}b^{*}2)\delta 0_{-}1-\mathit{2}dk012$
$+$ $\frac{1}{3}\int V_{0,1,2}^{(3})(b_{0}b_{1\mathit{2}}b+b_{0^{b_{12}^{*}}}^{*}b^{*})\delta_{0}dk+1+201k2$
$+$ $\int W_{0,1,2,3}^{(1})(b_{01}^{*}bb_{2}b3+b_{0}b_{1}^{*}b_{2}*b_{3}*)\delta^{k}0-1-\mathit{2}-30dk123$
$+$ $\frac{1}{2}\int 7\prime V_{0,1}^{(}2),*2,30bb_{1}*b2b3\delta_{0}^{k}+1-\mathit{2}-301\mathit{2}dk3$
$+$ $\frac{1}{4}\int W_{0,1,2;_{3}}^{(4})(b_{0}b_{1}b2b_{3}+b^{*}b^{***}01b2b_{3})\delta_{0+1+\mathit{2}}^{k}dk+3012\mathrm{s}$ (42)
(17)
$i \frac{\partial b(k,t)}{\partial t}$ $=$ $\omega(k)b(k, t)+\int V_{0,1}^{(1)},b_{1}b_{\mathit{2}}\delta^{k}-1-\mathit{2}dk_{1}20\mathit{2}$




$+$ $\int W_{0,1}^{(4)},2,3b^{*}1b^{*}2b*\delta^{k}30+1+2+\mathrm{s}123dk$ (43)
$V_{0,1,2}=V(k, k1, k_{2}),$ $W_{0,1,2,3}=W(k, k1, k_{\mathit{2}}, k_{3}))b_{1}=b(k_{1}, t),$ $\delta_{0-1-\mathit{2}}=$
$\delta(k-k1-k2))dk_{123}=dk1dk_{3}dk_{3}$ $V_{0,1,2},$ $W0,1,2,3$

















$M=3$ West et al. Zakharov
Zakharov $\partial b(k, t)/\partial t$





$\partial b(k, t)/\partial t$ –
$\Phi(\omega, \theta)$ Pierson-Moskowitz
$x$ $y$ $M$ Zakharov
$M=3$ $M$ $x$ $y$
$k_{\max}\text{ }\iota_{\max}$ kmax $=N_{x}/4_{\text{ }}$ Zmax $=N_{y}/4$ $N_{x\text{ }}N_{y}$
$x$ $y$ $=$ $k_{p}$ 4
$4k_{p}$ $k_{p}=k_{\max}/4=N_{x}/16$ $k_{p}$
$L_{x}$ $\cos^{\mathit{2}}\theta$
x- y- 2:1 $L_{x}=L_{y}\text{ }N_{x}=2N_{y}$
$g$ (
) 1 $L_{x}=2\pi k_{p}$
$N_{x}=2^{1\mathit{2}}=4096$ $N_{y}=2^{11}=2048$ , kmax $=1024$ , lmax $=512,$ $k_{p}=256\text{ }$
$512\pi\cross 512\pi$
Zakharovo 4
( ) CPU $=$ $N(=N_{x}^{2}/2)$
$N^{3}$ (or $N_{x}^{6}$ ) -
CPU FFT/I/– $N$
CPU $N\bm{\mathrm{i}}N$ (or $N_{x}^{2}$ N
1 (Fujitsu $\mathrm{V}\mathrm{X}1:2.2\mathrm{G}\mathrm{F}\mathrm{L}\mathrm{O}\mathrm{p}\mathrm{S}$)





























$E=0.\mathrm{O}1$ $|\partial b(k)/\partial t|$ $-k_{\max}<k<k_{\max}$ ,




2Zakharov $\partial b(k)/\partial t$ $\mathrm{C}\mathrm{P}\mathrm{U}$
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